Objective. To examine whether social participation (SP) by older individuals is associated with cognitive decline (CD). Method. Participants were community-dwelling older adults aged 65 or older with both independent activities of daily living and normal cognitive performance at baseline (2,768 men and 3,325 women). CD was evaluated using the Cognitive Performance Scale. Logistic regression analysis stratified by gender was used to examine CD in relation to SP, with nonparticipation as reference. Age, family, body mass index, pensions, comorbidities, medications, alcohol, smoking, depression, self-rated health, and instrumental activities of daily living were used as covariates. Results. During the 3-year follow-up, 16.7% of eligible participants reported CD. After covariate adjustments, greater social group participation was associated with CD prevention for women only. Lessened negative CD effects were found in respondents active in these particular types of social outlets: neighborhood associations (odds ratio = 0.81, 95% confidence interval = 0.66-0.99) and local event groups (0.79, 0.63-0.99) for men, and hobby groups (0.70, 0.54-0.91) and volunteer groups (0.66, 0.45-0.96) for women. Discussion. Our results suggest that greater social group participation prevents CD in women, while the beneficial effect of each type of SP on cognition differs between genders. Determining which types of social groups are best for communitydwelling older people's participation based on gender may help them maintain their cognitive functioning abilities.
that social relationships bring. Positive social relationships, in both group and individual dynamics, result in increased mental stimulation and strategic thinking, as well as better synaptic density and neural growth (Zunzunegui, Alvarado, Del Ser, & Otero, 2003) . Thus, older persons involved in SP may preserve cognitive functioning (the "use-it-or-loseit" hypothesis). Additionally, informal social networks that develop through participation may give older individuals more social support (Cohen, 2004) . Some researchers have determined that such additional social support increases disease resistance and other positive responses thanks to improved physiological functionality, including the immune and neuroendocrine systems (Kiecolt-Glaser et al., 1985) , consequently reducing the risk of developing cardiovascular diseases that are associated with worse cognitive function (Skoog et al., 1996) . Second, should psychosocial pathways provide increased cognition, social group participation may help give an older person a social role that is important to them, which could perhaps maintain their sense of usefulness (Herzog, Franks, Markus, & Holmberg, 1998) . Self-efficacy and cognitive ability in older adults have been linked in other studies (Zahodne, Nowinski, Gershon, & Manly, 2014) . Third, CD prevention can be increased by reducing stress. More socially active older individuals tend to have much more contact with other people. This often results in less stress and a better emotional outlook (Cohen, 2004; Hunter & Linn, 1980) . Some studies have shown that stress has a positive effect on neurodegenerative processes, particularly in the hippocampus, the part of the brain responsible for memory (McEwen, 2006) .
Although prior longitudinal studies have reported the protective effects of social engagement activities against CD or impairment, most of them have focused on cognitive/leisure activities (e.g., reading books/newspapers, playing games, listening to radio, watching TV; Crowe, Andel, Pedersen, Johansson, & Gatz, 2003; Ghisletta, Bickel, & Lövdén, 2006; Wang et al., 2002 Wang et al., , 2006 Wang et al., , 2013 or social activities such as visiting friends/relatives, attending the theater/cinema, and traveling (Bassuk, Glass, & Berkman, 1999; James, Wilson, Barnes, & Bennett, 2011; Wang et al., 2002; Zunzunegui et al., 2003) . To the best of our knowledge, no studies have been conducted on the relationship of social activities that focus on the association of social group participation with CD among community-dwelling older adults.
Previous longitudinal community-based research concerning older adults has shown that being a part of various organizations helps slow incident disability (Kanamori et al., 2014) and that particular social groups have a significant link with instrumental activities of daily living (IADLs; Tomioka, Kurumatani, & Hosoi, in press ). Other studies have reported that gender plays a factor in the health of older adults in regards to SP (Kavanagh et al., 2006; Takagi et al., 2013) . These prior studies suggest that any relationship between social group participation and cognition may vary depending on gender, which types of social groups are joined, and just how often involvement takes place, a possibility that has not been researched. Because SP is potentially modifiable (Bassuk et al., 1999; Wu, Lan, Chen, Chiu, & Lan 2011) , determining what forms of participation (i.e., participation in any or certain types of social groups) are effective in slowing cognitive performance decline, and whether SP's effect on cognitive performance differs by gender, would give better comprehension about how to prolong the health of older citizens. This study's aim was to examine the relationship between SP and CD. This was to be done by looking at social group participation, in both the amount of participation and the type of groups older adults join. We also sought to see whether certain social groups played a better or worse role in regards to gender. Due to worries about reverse causation, we restricted the analyses to independent community-dwelling older individuals who demonstrated high activities of daily living (ADLs) and had at baseline intact cognitive functioning scores, because both physical and cognitive abilities can play a role in which forms of SP an older person may choose (Glei et al., 2005) .
Method

Study Population
The region studied involved two municipalities in Nara Prefecture, Japan (A City and B Town). A City is a typical commuter town of the megacity, Osaka. B Town is a typical rural town which faces the problems of an aging population and overall population decline. On October 1, 2011, the total population of these municipalities and the rate of their aging population was 76,730 and 17.8% for A City, and 6,795 and 36.5% for B Town. From January to February, 2011, these municipal offices distributed self-administered postal questionnaires to community-dwelling individuals aged 65 years and older; all individuals who were not certified as "dependent in basic activities of daily living" by the public long-term care insurance system (i.e., care levels 3-5) in A City (n = 12,577, a response rate of 72.5%) and all residents irrespective of care levels in B Town (n = 2,481, a response rate of 83.1%) were included in the study. After 3 years, a similar survey was distributed in an attempt to gather follow-up data. This study protocol was approved by the Nara Medical University Ethics Committee (approval numbers 939 and 991). All study participants provided signed informed consent.
Cognitive Performance
The Cognitive Performance Scale (CPS; Morris et al., 1994) was used to score cognitive performance. The CPS uses a decision tree algorithm that assesses and scores areas such as everyday decision making, short-term memory ability, verbal coherence, and self-feeding. A 0 to 6 scale (0 = normal, 1 = borderline intact, 2 = mild, 3 = moderate, 4 = moderate-severe, 5 = severe, and 6 = very severe) is used to determine cognitive impairment (Morris et al., 1994) . The CPS is associated with the well-known Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (Hartmaier et al., 1995; Jones, Perlman, Hirdes, & Scott, 2010) . These are used to detect and assess cognitive impairment and mild cognitive impairment. A previous study has suggested that older participants are at risk for mild cognitive impairment or early onset dementia with a CPS score of 1 (Nishiguchi et al., 2013) . In the present study, a decline in cognitive performance (i.e., CD) was defined as any change from a baseline score of 0 to any score of more than 1 at follow-up. Thus, participants with a CPS score of 0 at baseline were divided into two groups according to their CPS scores at follow-up: decline (≥1) and no decline (0).
Social Participation
We defined SP as the respondent's social group involvement. In line with previous studies (Kanamori et al., 2014; Takagi et al., 2013) , SP was divided into five groups: neighborhood associations, hobby groups, local event groups, senior citizen clubs, and volunteer groups. Respondents were asked whether they currently participated in each group. The total number of social group types that each respondent participated in was summed and categorized as 0 (no participation), 1, 2, or ≥3 groups. Of the above type of groups, the ones that are especially characteristic of Japan are senior citizen clubs. In Japan, these groups conduct a large variety of activities targeting those aged 60 or older. These include low impact sports, recreational activities, traveling, and artistic endeavors (Cabinet Office, Government of Japan, 2014).
Activities of Daily Living
ADLs were evaluated using the Barthel index (score range 0-100; Mahoney & Barthel, 1965) ; higher scores indicate better ADLs. A score of 90 or more identified respondents with independent ADLs (Granger, Albrecht, & Hamilton, 1979) . Therefore, people with a score of less than 90 at baseline were excluded from the current study.
Covariates
Based on previous studies (Glei et al., 2005; Umberson & Montez, 2010; Wang et al., 2002; Zunzunegui et al., 2003) , age, family structure, body mass index (BMI), pensions, the number of medications used, self-reported medical conditions, behavioral factors (alcohol consumption and smoking), psychosocial factors (depression and self-rated health), and a physiological factor (IADLs) were used as covariates that may relate to active SP and CD. Information concerning age and gender was provided by municipal offices. Other covariates were obtained through a survey. Depression and IADLs were measured using the 5-item short form of the Geriatric Depression Scale (Hoyl et al., 1999) 
Statistical Analysis
Fisher's exact test was used to compare the data between those participants with and without CD. A multiple logistic regression analysis was performed using "with" or "without CD" (a CPS score of ≥1 or 0 at follow-up) as a dependent variable. SP at baseline was used as the independent variable (the number and type of social groups). Results were shown as odds ratio (OR) with a 95% calculated confidence interval (CI). For each model, no social group participation was set as the referent category. In Model 1, the age-adjusted OR was calculated. In Model 2, all covariates were simultaneously added and the multivariate-adjusted OR was calculated. Using the logistic regression model, trend analyses were done with the continuous variable being the number of social groups analyzed. To determine whether there was any gender variation in the relationship between SP and CD, a gender-stratified logistic regression analysis was performed. The significance level was .05 (two tailed). All statistical analyses were calculated using SPSS (version 17.0; SPSS Japan, Tokyo, Japan).
Results
Figure 1 is a flow diagram of study participant enrollment. Out of the target population (n = 15,058), there were 11,183 baseline study participants (response rate 74.3%). We omitted 3,517 of these participants from the 3-year follow-up for these reasons: poor cognitive functioning (n = 1,572), dependent ADLs (n = 1,326), and missing data (n = 619). The follow-up study thus included 7,665 eligible individuals. However, 1,572 were omitted for these reasons: they opted not to or refused to participate (n = 1,425), or they replied incompletely (n = 147). This left 6,093 participants (45.4% men, mean age: 72.8 years, age range: 65-96 years) for analysis. Regarding the attrition analyses (Supplementary Table 2) , persons with missing data were shown to be significantly older and have lower IADL scores, but there was no difference by gender, compared with analyzed participants. Those omitted from follow-up were much older, a majority male, and had lower IADL scores than those included.
At the 3-year follow-up, 1,019 (16.7%) study population individuals exhibited cognitive performance decline. 34.4% of the respondents did not participate in any social group, 29.9% participated in one social group, 18.2% in two social groups, and 17.5% in three or more groups. Of those who did participate, 36.1% joined neighborhood associations, 23.2% were in hobby groups, 30.2% were in local event groups, 24.7% participated in senior citizen clubs, and 13.1% had joined volunteer groups. Baseline characteristics of study participants according to gender are provided in Supplementary Table 3 .
The baseline characteristics according to participants with and without CD are shown in Supplementary Table 4 . Compared with participants without CD, those with CD were more likely to be older, the majority were men, they had more comorbidities, used more medications, and had more depression, poorer self-rated health, and poorer IADL. Alternatively, there was no significant difference between the two groups in terms of family structure, BMI, pensions, and behavioral factors. Table 1 shows the results of the univariate and multivariate logistic regression analyses of SP and CD by gender. For both genders, participating in senior citizen clubs was associated with an increased risk of CD without any covariate adjustment. In Model 1, where the data were adjusted for age, there were no differences between nonparticipation and participation in senior citizen clubs among both genders. This is because participants in senior citizen clubs are predominantly populated by individuals aged 80 or older who had a greater risk of CD (Supplementary Figure 1 and Supplementary Table 5 ). For men, after age adjustment Adjusted for demographics (age, family structure, body mass index, and pensions), the number of comorbidities, the number of medications used, behavioral factors (alcohol and smoking), psychosocial factors (depression and self-rated health), and a physiological factor (instrumental activities of daily living).
(Model 1), there was a significant dose-response relationship between more participation in social groups and lower CD (p for trend = .028), and participating in three or more social groups was associated with significantly lower odds of CD compared with nonparticipation. However, after adjustment for all covariates (Model 2), the significant dose-response relationship disappeared (p for trend = .233), and the OR for CD among those participating in three or more social groups was not statically significant (OR = 0.81, 95% CI = 0.60-1.10). Regarding the type of SP, after age adjustment (Model 1), the social groups significantly associated with CD were neighborhood associations and local event groups. After adjustment for all covariates (Model 2), these associations were slightly attenuated but remained statistically significant: neighborhood associations OR = 0.81, 95% CI = 0.66-0.99 and local event groups OR = 0.79, 95% CI = 0.63-0.99. For women, after age adjustment (Model 1), there was a significant dose-response relationship. As the number of different types of social groups rose, ORs became progressively lower (p for trend < .001). Moreover, participating in two or more social groups was significantly associated with a reduced risk of developing CD. After adjustment for all covariates (Model 2), these associations were attenuated, and the OR for CD among those participating in two social groups was not statically significant. However, a significant dose-response relationship remained (p for trend = .026), and participating in three or more groups was significantly associated with the prevention of CD compared with nonparticipation (OR = 0.67, 95% CI = 0.48-0.94). Regarding the type of SP, after adjusting for age (Model 1), the groups significantly associated with the protection against CD were hobby groups, local event groups, and volunteer groups. After adjustment for all covariates (Model 2), participation in hobby groups (OR = 0.70, 95% CI = 0.54-0.91) and volunteer groups (0.66, 0.45-0.96) was significantly associated with a decreased risk of CD.
To examine the influence of missing values, a subgroup analysis was conducted for the 5,171 participants with perfect covariates. Our overall results essentially trended the same way (Supplementary Table 6 ).
Discussion
Does social group participation have a positive influence on CD? We examined this in a community-based cohort study of nondisabled older adults. Participants lived at home and had intact cognitive levels at baseline. Our results suggest that participation in a multiplicity of social groups is associated with a protective effect on CD for women, but not for men. The beneficial effect for women remained statistically significant after adjustment for age, family structure, BMI, pensions, medications, comorbidities, life-style habits, self-rated health, presence of depression, and IADLs.
Some prior studies of community-dwelling older adults have assessed gender differences in the impacts of SP on health, and those findings are mixed, with studies reporting favorable effects only in women (Kavanagh et al., 2006; Sun et al., 2007; Tomioka et al., in press) or only in men (Lund et al., 2010) , and no gender differences (Kanamori et al., 2014; Roh et al., 2015; Wang et al., 2013) . Regarding the salutary effects for women, women tend to be more likely than men to obtain close relationships out of large, diverse networks (Antonucci, 1994) ; this suggests that women may find SP more beneficial. Regarding a differential effect of SP on cognition for men and women, Pedersen, Reynolds, and Gatz (1996) studied the relationship between education and the MMSE scores in a nondemented sample of twins. They determined that there was more of an environmental than genetic mediation of the MMSE-education correlation for women than for men, suggesting that the importance of environmental influences on late-life cognitive abilities, such as the effects provided by SP and interaction, may be more pronounced in women than in men.
Regarding SP type, our results suggest that gender may determine possible significant associations; among men, participation in neighborhood associations and local event groups was protective against CD, whereas among women, participation in hobby groups and volunteer groups was inversely associated with CD. These gender-specific associations between the type of SP and cognition may be produced by exactly which social function the person performs within the group; achieving some sort of status through SP seems to have a protective effect on mental health for men, but not for women (Takagi et al., 2013) . In Japan, men often occupy leadership positions in neighborhood associations and local event groups (Saito, 2012) . Therefore, men may receive positive cognition effects through their SP. Regarding hobby groups, Japanese people often join such groups to participate in cultural activities, such as art, calligraphy, the tea ceremony, and flower arranging (Cabinet Office, Government of Japan, 2014) . That is, participation in hobby groups involves intellectually stimulating activities. It has been reported that stable or even increased cognitive performance can be achieved by continuing to participate in intellectually challenging activities (Hultsch, Hammer, & Small, 1993) , and that intellectual-cultural activity participation is related to a lower risk of contracting Alzheimer's disease in women, but not for men (Crowe et al., 2003) . For volunteer groups, the beneficial effect on health may derive from altruism, having a purpose in life, self-esteem, and the self-efficacy provided by volunteer involvement (Hunter & Linn, 1980) . Although a prior longitudinal study (Boyle, Buchman, Barnes, & Bennett, 2010) did not examine gender differences, this study demonstrated that feeling there was a greater purpose in life was associated with a decreased risk of contracting Alzheimer's disease or mild cognitive impairment in older persons living in normal communities.
Regarding the modifiability of SP, it is reported that several prospective cohort studies found some community-dwelling older adults newly started SP during the observational period (Chiao, Weng, & Botticello, 2011; Nakanishi, Fukuda, & Tatara, 2003) . Additionally, a systematic review has found that intervention of socially isolated older people for the purpose of lessening their isolation is effective (Dickens, Richards, Greaves, & Campbell, 2011) . However, aforementioned studies also found some people had no SP throughout follow-up duration. Because SP involves physical movement and interpersonal relationship Zunzunegui et al., 2003) , it is plausible that it is difficult for older adults with functional disabilities and poor psychological health to initiate SP. Therefore, further studies are needed to clarify the question of whether SP is indeed modifiable.
Our study has eight limitations. First, although our analyses were restricted to older persons who had neither poor cognitive performance nor ADL dependency at baseline, and controlled for many potential confounders, the possibility of reverse causation cannot be excluded. Because the Alzheimer's Association has listed "withdrawal from work or social activities" as one of 10 warning signs and symptoms of Alzheimer's disease (Alzheimer's Association, 2009), there is a likelihood that participants with preclinical CD had started to limit their SP at baseline. Second, we evaluated SP simply through participation or nonparticipation. Although this method has been used in prior studies (Crowe et al., 2003; Glei et al., 2005; Kanamori et al., 2014) , its validity and reliability have not been studied. Because the frequency and continuum of SP are important factors affecting the health of older adults (Chiao et al., 2011; Nakanishi et al., 2003; Wang et al., 2002) , our results should be confirmed using an approach for assessing the extent of SP. Third, CD in this study was selfreported. Although the cognitive assessment (CPS) we used has a close association with other objective cognitive status evaluations (Amariglio, Townsend, Grodstein, Sperling, & Rentz, 2011) and foresees dementia development (St John & Montgomery, 2002) , CPS-based subjective CD could be potentially misclassified. Fourth, SP and covariates were only measured at baseline. Because SP change may affect the development of CD (Bassuk et al., 1999) , and lifestyle change can reduce the risk of cognitive impairment in old age (Lövdén, Xu, & Wang, 2013) , further research should consider time-varying SP/covariates. Fifth, the influence of genetic variability (e.g., the apolipoprotein E [APOE] genotyping) was not taken into consideration. APOE ε4 allele frequency is significantly higher in early-stage cognitive impairment patients versus healthy controls (Dubé et al., 2013) . By not taking the presence of APOE ε4 carriers in the CD group into account, we may have overestimated the SP-CD relationship. Sixth, although our results showed significant effects of SP on cognition, these effects were not very strong. Analysis of adjustments made for one of the measurements on depression, self-rated health, and IADLs to each model resulted in a tendency toward weaker positive associations (data shown in Supplementary Table 7) . Also, a prior study demonstrated that cognitive impairment was associated with depression, poorer self-rated health, and restrictions on IADLs (Wu et al., 2011) . Therefore, it is possible that psychosocial and physiological factors mediate the association between SP and CD. Seventh, our results may be skewed by the omission of participants who could not obtain or provide necessary valid data or opted not to return the questionnaire. Because attrition was higher in persons 75 years of age and older and those with poor IADL scores, this could have led to underestimating effects in our analyses. Finally, there is the possibility of residual confounding. For example, we had no data about physical activity. Previous studies have suggested that the socially active older persons are generally also more physically active (James et al., 2011) , which may help maintain cognitive function (Yoshitake et al., 1995) . This means, of course, that additional adjustment for physical activity could have quite possibly altered the association we observed.
In conclusion, this community-based prospective study found that being active in a variety of social groups was associated with maintaining cognitive function among women but not among men and that the positive effect that each type of activity had on cognitive performance differed according to gender. Our findings suggest that supporting nondisabled, community-dwelling older adults by encouraging their participation in social groups, taking gender and the type of activity into account, may help to prevent or postpone CD in old age.
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